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A me thod fo r* decreasi ng the foam formation during cultiva tion of a 
microorgani sm 



Backround of the invention 



5 This invention relates to a novel method for decreasing the foam formation during the 
cultivation according to the preamble of claim 1, to a product produced by the method 
according to the preamble of claim 12 and to a novel production host strain with decreased 
foam formation during cultivation according to the preamble of claim 15. Furthermore this 
invention relates to a process for producing an enhanced amount of a product of interest 

10 according to the preamble of claim 34. 



When microorganisms are cultured in liquid growth medium in laboratory vessels or in small 
or large scale bioreactors, a common feature is foaming. In particular, this is a problem in 
aerated bioreactor or, as they are usually called, fermentor cultivations. Biochemically, the 

15 term "fermentation" refers to the process of ethanol production in yeastis by anaerobic 
metabolism. Modem aseptic submerged "fermentation" of individual selected microbes is 
used for production of cell mass, proteins such as enzymes and antibodies, and other 
metabohtes such as antibiotics, amino acids and organic acids. The main microorganisms 
used in industry in fermentation are fungi, especially filamentous fungi and yeast, especally 

20 filamentous fimgi and yeast, and bacteria, such as Bacillus spp., Escherichia coli and 
Streptomyces spp. 

Typically only 70-80% of the fermentation vessel volume is filled with liquid and a gas space 
occupies the top portion of the tank. The combined action of aeration and agitation of the 

25 liquid promotes the formation of a foam on the Uquid surface and normally all aerated 
fermentation broths foam, which is why a large gas space is required. Foam impedes gas mass 
transfer firom the broth to the head space, forcing foam out of the vessel and contaminating 
the system when collapsed foam re-enters the fermentor. This means that some foam control 
method should always be included in fermentations. The two methods most conmionly used 

30 for commercial fermentations are mechanical foam breakers and/or addition of antifoam 
agents. 
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A mechanical foam breaker is a high-speed impeller designed very much like a centrifugal 
pulp impeller. Foam is drawn into the impeller, where it is collapsed by strong mechanical 
forces. This is not suitable for delicate organisms. The impeller must be mounted on its own 
shaft and driven independently of the main agitator. This requires a separate agitator seal, 
S which is a potential source of contamination and other problems. Mechanical foam breakers 
also represent a conciderable capital outlay. 

Chemical antifoam agents collapse foams by altering their surface tension characteristics. 
Sterile antifoam agent is usually pumped into the fermentor automatically from an addition 

10 vessel. Addition of antifoam agent results in a possible contamination risk because the 
polymeric water-free liquid agents are difficult to sterilize. The choice of antifoam agent 
cannot be made only on the basis of its compatibility with the fermentation, but also with 
product recovery, concentration and purification in downstream processing. For example 
particularly silicon-based antifoam agents may decrease dramatically the permeate flux 

15 through certain types of membrane filters even at very low concentrations. Hydrophobic 
antifoam agents bind to the hydrophobic ultrafiltration membranes, lowering the permeate 
flux, and may change dramatically the apparent molecular weight cut-off of the membranes. 

The first antifoam agents to be used in fermentation were silicone-based fluids. More 
20 recently, oil-based antifoam agents with a chemical structure consisting of polymers of e.g. 
ethylene and propylene oxides with esters of long-chain fatty acids have commonly been 
used. All antifoam agents have a "cloud point", above which they are essentially insoluble in 
water. The fimctional properties of the antifoam agents operate at temperatures above the 
cloud point. Therefore the cloud point of the antifoam agent should be below the temperature 
25 of the fermentation. However, for example membrane filtration should be operated at 
temperatures below the cloud point, so that the antifoam agent will be water-soluble and 
therefore have minimal effect on the filtration procedure. Antifoam agents are available with 
very variable cloud points. 

30 Most antifoam agents, because of their hydrophobic nature, are difficult to sterilise. They may 
also represent a considerable cost outlay. A good antifoam control system should also include 
an option to reduce automatically the air flow and the agitation speed when foaming 
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overwhelms the system and the femienter is in danger of being emptied. This is necessary to 
avoid damage to the drive system if the fermenter is emptied because of overfoaming. 

Because of their function of disrupting air-filled bubbles both above and within the 
5 fermentation broth, antifoam agents considerably reduce the oxygen transfer rate. By contrast, 
detergents usually enhance oxygen transfer rates. When antifoam agents and detergents are 
present simultaneously, they exert compensating effects. Oxygen transfer rates depressed 
owing to the addition of antifoam agent result in decreased dissolved oxygen levels at a 
constant rate of agitation and aeration. Antifoam agents decrease the surface tension, resulting 

10 in reduced volimietric mass transfer coefficient (kta) values. This leads to a need for 
increased aeration and agitation, which in tum enhances foam formation and necessitates 
further addition of antifoam agent which further enhances the problems created by antifoam 
agent. The positive feedback effects of foaming and agitation/aeration represent a major 
problem in many commercial fermentation processes. A further practical disadvantage is 

15 reduced sensitivity and accelerated ageing of probes due to clogging by the polymer 
components of the antifoam agents. 

Production media used in industrial fermentations often contain insoluble polymers. The 
presence of these insoluble mediimi components considerably aggravates the problem of 

20 foaming during fermentation. The foam produced during cultivation combines with unutilised 
solid particles firom the medium to form a composite foam with strong physical properties and 
undesirably high persistence. This foam-solids conglomerate can remain attached to the sides 
of the vessel and to other steel structures in the fermenter headspace independently of support 
fi-om below, and contact between the broth and foam layers is disestablished. Addition of 

25 antifoam agent to the fermentation is therefore not successful in degrading the secondary 
foam structure. Thus after establishment of contact between the upper foam layer and the tip 
of the antifoam probe, the subsequent automatic addition of antifoam agent does not dismpt 
the foam layer. In this case, addition of antifoam agent may, and firequently does, continue 
indefinitely until the addition vessel becomes empty. Despite continuing addition of antifoam 

30 agent, the conglomerate foam layer continues to rise in the fermenter headspace, eventually 
entering the exhaust line and blocking the outlet filter. This in tum prevents the passage of air 
through the broth and the dissolved oxygen decreases to zero, with disastrous effects on the 
production process. This whole cycle may occur in a short period of only 1-2 hours. 
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Oxygen transfer rate is affected by the microbial species, its morphology and concentration. 
Species with more complex morphology (pellets versus filaments, pellets do not have 
significantly higher oxygen demand and uptake but clearly higher maximum oxygen transfer 
5 rate) lead to lower oxygen transfer rates. Increased viscosity due to the high mycelial 
concentrations (pseudoplastic moulds) concentration leads to reduced oxygen transfer rates. 

Mycelial morphology also affects the process productivity and kinetics. In some cases the 
small pellets are optimal for the production of desired product whereas in other cases 
10 filamentous growth has been found to be optimal. The morphology also affects the 
downstream prossessing and filtration properties of the culture liquid as larger particles are 
easier to separate e.g. in vacuum drum filtration. Growth in the form of pellets usually leads 
to an interstitial culture fluid with greater clarity and lower viscosity than in the case of 
diffuse mycelial growth. 

15 

Because of the several problems caused by foam formation during fermentation there is a high 
demand for new ways to hinder or cut down the foam formation. 

There are some prior art publications which relate to the production of surfactins in Bacillus 
20 strain bacteria. EP 576 050 describes the isolation and characterization of the sfi) gene in 
Bacillus subtiliSy which codes for a protein for producing the lipopeptide surfactin. Surfactin 
is a specific protein, where the lipide part is covalently bound to the protein part. Foaming 
properties of surfactin fi-om B, subtilis are discussed in Razafindralambo et al. (1996) and 
surfactin negative phenotype oiB. subtilis in D* souza et al (1993). WO 98/22598 suggested 
25 a modification to a Bacillus cell to produce a lower level of surfactin. The modification was 
reported to result in reduced foaming. However, these publications were restricted to the 
surfactins of Bacillus. 

WO 96/41882 suggested the production of hydrofobins firom edible fimgi for food industry. 
30 The publication describes the overexpression of hydrophobins and does not discuss the 
foaming problem. 
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SUMMARY 

It is an aim of the present invention to eliminate the problems associated with the prior art and 
to provide a solution to the problems caused by foaming dxiring cultivation of various kinds of 
5 microorganisms. The present invention provides a totally new way to solve the foaming 
problem, which results in minimal or no need to use antifoam agents. 

The present invention provides in particular a method to eliminate or diminish the production 
of proteins, polypeptides or peptides associated with foam formation during cultivation of 

10 microorganisms. The method comprises genetic modification of desired microorganisms not 
to produce proteins, polypeptides or peptides associated with foam formation, or to produce 
them only in essentially reduced amounts. Such proteins, polypeptides or peptides are 
recoverable fi-om foam produced in cultivation of the microorganisms. The microorganisms 
are selected from the group comprising yeast, fungi, bacteria, plant cells and animal cells. 

15 Preferably they are production strains used in producing a product of interest, such as desired 
proteins, polypeptides, metabolites or biomass. Typically such strains are genetically 
modified to produce these products in an efficient way. 

One object of the present invention is a method for decreasing the level of foam formation 
20 during cultivation of a microorganism, comprising the steps of 

- modifying the microorganism in such a way that the micoorganism does not produce an 
essential amount of proteins, polypeptides or peptides associated with foam formation during 
cultivation of the microorganism; and 

- cultivating the microorganism under suitable culture conditions. 

25 

More specifically, the method is mainly characterized by what is stated in the characterizing 
part of claim 1. 

The "modification" of the microorganism is preferably "genetic modification", which means 
30 that at least one of the DNA sequences, or parts of it, encoding proteins, polypeptides or 
peptides associated with foam formation is modified not to be expressed and/or secreted. The 
genetic modification comprises various methods directed to the regulatory region of tiie DNA 
sequence encoding the desired protein, polypeptide or peptide or various methods with which 



the DNA sequence can be inactivated, such as mutagenesis or deletion, or the genetic 
modification comprises various methods directed to DNA sequences encoding proteins 
regulating the production of proteins, polypeptides or peptides associated with foam 
formation. The genetic modification according to this invention is preferably made by 
5 inactivating the desired DNA sequence or sequences of the proteins, polypeptides or peptides 
associated with foam formation. More preferably, the genetic modification is made by 
deleting the desired DNA sequence or sequences. This is because deletion is the most 
powerful technique to diminish the effect of the proteins, polypeptides or peptides associated 
with foam formation, 

10 

Molecules associated with foam formation during cultivation are various proteins, 
polypeptides or peptides recoverable fi-om the foam formed in cultivation of the 
microorganism or their regulatory proteins. Such molecules comprise proteins, polypeptides 
or peptides, which regulate the production of foam-forming proteins, polypeptides or peptides 

15 which are responsible for foam formation. Preferably they are proteins, polypeptides or 
peptides, which are foam-forming i.e., which are responsible for foam formation. Such 
proteins, polypeptides and peptides comprise hydrophobic or amphipathic proteins, 
polypeptides or peptides, hydrophobins, or amphipathic surface active molecules. Preferably 
the proteins, polypeptides or peptides associated with foam formation are hydrophobins. 

20 Hydrophobins are among the most abimdantly produced proteins of fimgi. All fimgi studied 
hitherto for the presence of hydrophobins have been shown to produce one or more of them. 

Because many microbial production hosts are known to produce foam-forming proteins, 
polypeptides or peptides during cultivation, the present invention can be applied to solve the 
25 foaming problem in the cultivation of various different kinds of microorganisms- 
According to a one preferred embodiment of this invention the microorganism is a fimgus. 
More preferably, the fungus is Trichoderma, 

30 According to a preferred embodiment of this invention the proteins, polypeptides or peptides, 
the production of which is eliminated or diminished, are hydrophobins from Trichoderma. 



♦ 



According to a highly preferred embodiment of this invention the hydrophobins are 
hydrophobin I (HFBI) or hydrophobin II (HFBII). The invention comprises that a 
~TricKoclerma stTain~is genetically modified"not~to~produce essentiM amoimts" of "OT and/or 
HFBII. Preferably the DNA sequences encoding hydrophobin I (HFBI) or hydrophobin II 
5 (HFBII) or both are inactivated in the Trichoderma strain. 

According to another preferred embodiment of this invention the microorganism belongs to 
bacteria. The host strain may be any bacterial host producing proteins, polypeptides or 
peptides associated with foam formation during cultivation. Preferably the host strain is E. 
10 colU or belongs to the genus Bacillus or Streptomyces, 

Another object of the present invention is a new production host strain, which is genetically 
modified not to produce essential amounts of one or more of the proteins, polypeptides or 
peptides associated with foam formation when the non-modified production host strain is 
15 cultivated. 

More specifically, the production host strain is mainly characterized by what is stated in the 
characterizing part of claim IS. 

20 One further object of the present invention is a product produced by the microorganism 
cultivated by the method of this invention as stated in the characterizing part of claim 12. The 
product can be any natural or recombinant protein, peptide, metabolite, antibiotic, fusion 
protein or even the cells themselves. The product is preferably a recombinant product. 

25 In this invention has also been foimd that a production host modified not to produce at least 
one hydrophobic or amphipathic protein, polypeptide or peptide is capable of producing an 
enhanced amount of a product of interest. This feature may also be seen in cultivations, where 
there is no essential reduction of foam formation during cultivation. 

30 One still further objects of the present invention is therefore a production host strain 
genetically modified not to produce an essential amount of at least one of amphipathic or 
hydrophobic proteins, polypeptides or peptides as defined in the characterizing part of claim 
24. 
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Furthermore one object of the present invention is a process for producing an enhanced 
"amount of a product of interest as stated in the characterizing part of claim 34. 

5 The present invention results in various advantages. When little or essentially no foam is 
formed during the cultivation of a microorganism, no or only low levels of antifoaming 
agents are needed. This results in significatly easier downstream processing. 

The cultivation of a microorganism modified according to this invention results in no or 
10 substantially reduced overfoaming. Hence, the yield is higher, when the product losses are 
smaller. 

One clear advantage is also that the contamination risk is significantly lower when there is no 
need to add antifoam agents, which are difficult to sterilize and because the growth medium 
15 does not come into contact with the surface or other potentially nonaseptic areas of the 
bioreactor system. 

According to this invention there will be less attachment of the cultivation medium to the 
fermentor surfaces, electrodes, impeller etc. Thus the distribution of cell mass in the 
20 fermentor is more homogenous. In addition the malfimction of electrodes is decreased, which 
in thum improves the controllability of the fermentation. 

As a result of this invention the overall productivity will be improved. One or several of the 
following parameters: product/protein secretion ratio, the specific productivity/protein ratio 
25 (protein/ biomass) or productivity/fermentation ratio (more liquid in fermentor) will be higher 
compared to the ratios in cultivations wich are not modified according to this invention. 

Surprisingly the amoimt of soluble proteins, i. e amount of proteins secreted firom the 
production host, is enhanced in cultivations. The amoimt of soluble proteins may be at least 
30 1.2 times, preferably at least 2, more preferably at least 3, still more preferably at least 5, 
most preferably 10 times higher than the amount of proteins produced by a host not modified 
according to this invention. In this invention the remarkable finding has been made that by 
genetically modifying a microorganism host not to produce essential amoimts of amphipathic 



or hydrophobic proteins, polypqjtides or peptides, preferably hydrofobins, the production 
level of the host can be increased. Preferably, according to this invention the microorganism 
host should be modified not to produce at least one amphipathic or hydrophobic protein, 
polypeptide or peptide, preferably hydrophobin. The genetical modification disclosed in this 
5 invention can be used for improving the production levels of the modified microorganisms. 
The increased production of other proteins is shown in example 8. 

Sometimes the decreased foam formation may remain unnoticed, depending on the aeration, 
media or other parameters, although the effect is evident in certain cultures. Also since 
10 production of large amoimts of other proteins may cause foaming , the reducing effect of 
decreased production of hydrophobic or amphipathic proteins may be masked, and not 
clearly measurerable, if in these strains the production of other proteins is increased. 

One further advantage is that the productivity will be better due to altered morphology. By 
15 inactivation of one or more hydrophobin genes it is possible to control the morphology of the 
strain in between filamentous or pellet-forming growth. 

The invention is of advantage particularly when cultivating microorganisms on a culture 
medium comprising insoluble components. Antifoam agents cannot degrade efficiently the 
20 composite foam formed firom proteinaceous foam produced by the microbe metabolism and 
unutilized solid particles. According to this invention no or only diminished amount of foam 
is formed and hence no undegradable secondary structure foam is hampering the cultivation. 
The present invention is of advantage particularly when cultivating a production host in order 
to produce a product of interest, in particular a protein of interest. 

25 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows the hfbl genomic sequence (SEQ ID No 1) of 2868 bp, which contains protein 
encoding (and introns) and flanking sequences (not all of the subcloned flanking sequences 
30 are sequenced). gene sequence is underlined.Miml restriction sites used for cloning of the 
marker gene are in bold and underlined. 

Figure 2 shows hfb2 genomic sequence (SEQ ID No 2) of 3585 bp, which contains protein 
encoding (and introns) and flanking sequences. hfb2 gene sequence is underlined. 
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Bgll and EcoRV restriction sites used for cloning of the marker gene are in bold and 
underlined. Polylinker sequence of the cloning vector is in Italics and the restriction sites 
within tHepolylinkef used' for^ are imderlined. 

Figure 3 depicts plasmid pTNS24 
5 Figure 4 depicts plasmid pTNS 27 
Figure 5 depicts plasmid pMQl 13 
Figure 6 depicts plasmid pTHl 
Figure 7 depicts plasmid pTH2 

Figure 8 A and B depicts growth parameters of Trichoderma strains in a fermentor cultivation 
10 on lactose (DO= dissolved oxygen). 

Figure 9A and B depicts the production of soluble protein in a fermentor cultivation on 
cellulose medium. 

Kuva 10 depicts biomass production of the strains VTT-D-74075, VTT-D-99724 and VTT-D- 
99723 in shake flask cultivation on glucose medium. 
15 Figure 11 depicts growth of the strains VTT-D-74075, VTT-D-99724 and VTT-D-99723 in 
shake flask cultivation on glucose medium represented as a change in pH during the 
cultivation. 

Figure 12 depicts growth of the strains VTT-D-86271 and VTT-D-99676 in shake flask 
cultivation on lactose medium represented by biomass production and pH. 
20 Figure 13A and 13B depicts growth parameters of Trichoderma strains in a fermentor 
cultivation on glucose. 

DETAILED DESCRIPTION OF THE INVENTION 

25 The term cultivation denotes here any methods used to grow microbial cells in a laboratory 
container or in large scale. The present invention is particularly useful to be applied to 
bioreactor cultivations, which are aerated and/or agitated. 

The growth or cultivation medium should be chosen according to the microorganism in 
30 question. To achieve optimal growth of the microorganism and/or optimal production of the 
desired product, nutrients, aeration and pH conditions must be optimal for the 
microorganism. The cultivation mediiun may optionally be a medium which does not induce 
or which hinders the production of proteins or polypeptides, which are associated with foam 
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formation during cultivation. The product of interest may be the cultivation medium with 
cells, it may be recovered from the cells or from the medium, preferably it may be recovered 
" from the culture 'medium. 

5 The term fermentation denotes here any bioreactor cultivations, preferably cultivations, in 
which agitation and/or aeration are used. The fermenter is preferably a normal fermentor, but 
the invention may be applied to airlift or other fermentor types. 

The term microorganism denotes here bacteria, yeast, fungi, plant and animal cells. 
10 Preferably the invention is applied to fungi or bacteria, more preferably to fungi. 

Fungal host strains of this invention comprise Aspergillus spp., Trichoderma spp., 
Neurospora spp., Fusarium spp., Penicillium spp., Humicola spp., Tolypocladium geodes, 
Kluyveromyces spp,, Pichia spp., Hansenula spp., Candida spp., Yarrowia spp, 
15 Schizosaccharomyces pombe, Saccharomyces spp. 

Bacterial host strains of this invention comprise Bacillus spp. Zymomonas spp. and 
Actinomycetales, such as Streptomyces spp. , Nocardia spp. and Escherichia coli 

20 A production host strain denotes here any microorganism, which is selected or genetically 
modified to produce efficiently a desired product and is useful for industrial application. The 
host strain is preferably a recombinant strain modified by gene technological means to 
efficiently produce a product of interest. 

25 The term genetic modification comprises recombinant DNA technology or gene technology, 
cell fusion and hybridisation, mutagenesis, induced polyploidy, conjugation, transduction, 
transformation and injection of heritable material into a cell. 

Genetic modification of a microorganism not to produce an essential amoimt of at least one of 
30 the proteins or peptides associated with foam formation during cultivation of the non- 
modified microorganism strain comprises that DNA sequences encoding at least one of the 
proteins, polypeptides or peptides associated with foam formation are modified by various 
genetical methods not to be expressed or secreted. Alternatively DNA sequences encoding 
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regulatory proteins regulating the production of foam-forming proteins, polypeptides or 
peptides or the DNA sequences encoding foam-forming proteins, polypeptides or peptides are 
genetically modified. Genetic modification comprises fiirthermore that regulatory regions of 
the the genes encoding proteins, polypeptides or peptides associated with foam formation are 
5 genetically modified. According to a preferred embodiment of this invention the DNA 
sequences encoding foam-forming proteins, polypeptides or peptides are made inactive. The 
inactivation may be made by any suitable conventional or molecular biology method well 
known in the art. The modification is preferably made by recombinant DNA techniques, such 
as by site directed mutagenesis or deletion. Most preferably the inactivation is made by 
10 deleting the DNA sequence encoding the chosen protein, polypeptide or peptide. 

The above-mentioned methods can be used also to modify a microorganism not to produce 
amphipathic or hydrophobic proteins, polypeptides or peptides, preferably hydrophobins, in 
order to enhance the amount of production of a product of interest. These amphipathic or 
15 hydrophobic proteins, polypeptides or peptides are preferably found in the cell wall of the 
microorganism host. 

Cultivation products may preferably include desired proteins, polypeptides, peptides, 
metabolites or cell mass. 

20 

The expression proteins, polypeptides or peptides associated with foam formation refers here 
to any molecule, which is associated with foam formation diuing cultivation of a 
microorganism and which is recoverable firom the foam formed during cultivation of the 
microorganism. The group comprises foam-forming proteins, polypeptides or peptides and 
25 proteins, polypeptides or peptides regulating the production of foam-forming proteins or 
peptides. Preferably the group comprises hydrophobic or amphipathic proteins, polypeptides 
or peptides, hydrophobins or amphipathic surface active molecules and proteins. Preferably 
the proteins or peptides associated with foam formation are hydrofobins or hydrophobib-like 
molecules. 

30 

Examples of molecules responsible for foam formation during cultivation are hydrophobic, 
amphipathic proteins and peptides. Hydrophobins are secreted amphipathic proteins with 
interesting physico-chemical properties that have recently been discovered firom filamentous 
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fungi (Wessels, 1994; Wosten and Wessels, 1997; Kershaw and Talbot, 1998). They were first 
discribed at DNA level (Schuren and Wessels, 1990) and later identified as proteins that are 
active in the interaction between the fungal surface and the environment. Although the term 
"hydrophobin" had been used earlier to denote any hydrophobic material on the microbial 
5 surfaces, the term hydrophobin was used by Wessels to name these proteins (Wessels et al., 
1991a,b). Hydrophobins are among the most abundantly produced proteins of fungi and all fungi 
studied hitherto have produced one or more hydrophobins. They can be recovered in varying 
amounts from e.g. the cell wall, conidia, fiiiiting bodies or culture medium. 

10 One characteristic featiwe of these proteins is their moderate hydrophobicity. They are usually 
small proteins, approximately 70 to 160 amino acids, containing six to ten, usually eight cysteine 
residues in conserved pattem. The eight cysteine residues (Cys) have a conserved spacing: X2-38 - 
Cys - X5.9 - Cys - Cys - Xiu39 - Cys - X8.23 - Cys - X5-9 - Cys - Cys Xe-is - Cys - X2.13, in which X 
means any other amino acid. However, multimodular proteins with one or several hydrophobin 

15 domains and e.g. proline-rich or asparagine/glycine repeats, or hydrophobins containing less than 
eight cysteine residues have also been characterized (Lora et al., 1994; Lora et aL, 1995; Amtz 
and Tudzynski, 1997; de Vries et al 1999). 

Hydrophobins have been divided into two classes based on their hydropathy profiles and 
20 physico-chemical properties (Wessels, 1994). Class I hydrophobins form highly insoluble 
assemblages, whereas Class II hydrophobins assemblages are less stable and are soluble e.g. in 
60% ethanol and 2% SDS. However most probably some hydrophobins exhibit characteristics 
between these two classes. Although more than 30 gene sequences for hydrophobins have been 
published (Wosten and Wessels, 1997), only few of the proteins have been isolated and studied. 
25 Today most protein data exists for the hydrophobins SC3 of Schizophyllum commune (Class I), 
cerato-ulmin of Ophiostoma ulmi and cryparin of Cryponectria parasitica (Class II). Other 
isolated hydrophobins include at least SC4 of 5. commune, ABHl and ABH2 of Agaricus 
bisporus and EAS of Neurospora crassa. 

30 The most characteristic feature of hydrophobins is that they self-assemle at 
hydrophilic/hydrophobic interfaces. By self assembly at the interfaces between the hydrophilic 
cell wall and a hydrophobic environment (air, oil, soil), emergent structures are covered with an 
amphipathic membrane. The transition of hydrophilic to hydrophobic cell surface allows 
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formation of aerial hyphae, facilitates dispersion of spores by wind, maintains open air channels 
within fruiting bodies, and mediates hyphal attachment and signaling of surface hydrophobicity. 
Hydrophobins make the'areal hyphae water~resistant and water repellant. Moreover they are 
involved in complex interhyphal interactions. 

5 

Hydrophobins do not only assemble at the cell wall/air or liquid interface but also at the interface 
between the hydrophilic cell wall and a hydrophobic solid. Hydrophobins firmly glue fungal 
hyphae and hydrophobic surfaces together (Wosten et al., 1994a). The adhesion of the hyphae to 
the solid surface is due to the amphipathic nature of the hydrophobin membrane, i.e. each side 
1 0 interacts with one of the two surfaces. 

Hydrophobins also assemble at liquid-air interfaces. Several hydrophobins such as SC3 of S. 
commune^ COHl of Coprinus cinereus, ABH3 of ^. bisporus and POH2 and POH3 of Pleurotus 
ostreatus are secreted into the culture medium (Wosten et al., 1999). Filamentous fungal species, 
15 such as Aspergillus nidulans, A. niger, A. oryzae, Neurospora crassa and Penicillium 
chrysogenum produce amphipathic proteins, most probably hydrophobins to the culture medium 
(de Vries et al., 1993, Wessels, 1997). 

Hydrophobins are secreted as monomers, but when they encounter an air-water interface or an 
20 interface with hydrophobic surface, they aggregate to a larger polymeric complex. This thin layer 
formed is hydrophobic on one side and hydrophilic on the other. The SC3 assemblages, as well 
as those of cerato-ulmin and cryparin (Wessels, 1997), form on gas-liquid or oil-liquid 
interphases thus stabiUzing air bubbles or oil droplets in water. The self-assembly of purified 
SC3 hydrophobin into an amphipathic layer occurs also on hydrophilic and hydrophobic surfaces 
25 (Wosten et al, 1993; Wosten et al, 1994b). This film is very strongly attached to the surface and 
not broken, for instance, by hot detergent. The hydrophobic side of the layer on hydrophilic 
surfaces shows properties similar to those of teflon (Wessels, 1994). Upon shaking SC3 
hydrophobin-contianing solutions, the protein monomers form 10 nm rodlet-like aggregates. 
These stmctures are similar to those found on surfaces of fungal aerial structures. 

30 

Several biosurfactants that decrease water surface tension are known in the literature (Wosten 
and Wessels, 1997). Surface activity of proteins is generally low but hydrophobins belong to 
surface-active molecules, their surfactant capacity being at least similar to traditional 
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biosurfactants such as glycolipids, lipopeptides/lipoproteins, phospholipids, neutral lipids and 
fatty acids (Wosten and Wessels, 1997). In fact SC3 hydrophobin is the most potent 
biosurfactant known. It lowers the water surface tension to 24 mJm^ at a concentration of 50 
^g/ml. However in contrast to other biosurfactants, surface activity of hydrophobins is not 
5 dependent on a lipid molecule but apparently caused solely by the amino acid sequence. The 
glycan part of SC3 is mainly present in the hydrophilic part of the protein, probably 
contributing to the hydrophilicity of this part of the protein. However, most hydrophobins are 
not glycosylated and none of them is reported to be a lipoprotein. Furthermore, surface 
activity of hydrophobins seems to depend on a conformational change in the molecules during 
10 assembly into an amphipathic film rather than on a diflfiision-limited adsorption to the 
interface (van der Wegt et al., 1996, Wosten and Wessels, 1997). Similarly to SC3 
hydrophobin also HFBI and HFBII hydrophobins of T, reesei have been shown to reduce water 
surface tension (our unpublished results). The decreased surface tension leads to more stable 
gas bubbles, thus hydrophobins and other amphibatic polypeptides stabilise foam. 

15 

Hydrophobin-like molecules vary in their properties. For example, rodlet-forming capacity has 
not been attributed to all hydrophobins (such as some class IT), or they might have a weaker 
tendency to form stable aggregates (Russo et aL, 1982; Carpenter et aL, 1992). Another group of 
fungal amphiphatic proteins are repellents (Kershaw and Talbot, 1998). Other type of proteins 
20 and polypeptides responsible for foam formation may consequently have only some of the 
features attributed to hydrophobins. Such examples are SapB and streptofactin, which are 
surface-active peptides secreted into the culture medium by Streptomyces coelicor and 5. tendae, 
respectively (Willey et al., 1991, Richter et al., 1998). 

25 Very little is known about the 2D and 3D structures of hydrophobins and the changes that 
occur upon self-assembly. However both hydrophobin classes are speculated to contain two 
domains which are stabilised by two disulfide bridges (Wosten and Wessels, 1997). 

Strategies to find and inactivate hydrophobins and other hydrophobic/amphipathic proteins 
30 and polypeptides are well known in the art and include techniques such as screening of 
genomic or cDNA libraries with hybridization techniques using homologous/heterologous 
DNA fi:'agments and oligonucleotides designed on the basis of conserved regions in the 
protein/peptide encoding region. The sequence diversity of hydrophobins means, however. 
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that isolation of hydrophobin-like genes on the basis of sequence homology may prove 
difficult. Few reports exist in which nucleic acid similarity has been exploited to isolate a 
hydrophbbin gene using heterologous hybridization ( e.g. Munbz et al. 1997). 

5 However, several techniques exploiting purified protein for isolation of the corresponding 
gene are known to a person skilled in the art. After proteins, polypeptides or peptides 
accociated with foam formation have been purified, the corresponding genes are isolated 
using suitable techniques such as e.g. screening of expression libraries using antibodies raised 
against purified proteins, or PCR cloning or screening of genomic and/or cDNA libraries 
10 using oligonucleotides designed on the basis of N-terminal or internal protein sequences. 

Proteins, polypeptides, or peptides accociated with foam formation may be purified on the 
basis of their properties. They can be recovered fi-om the foam formed during the cultivation 
of a strain or caused by bubbling gas through the medium. Foam-associated proteins, 

15 polypeptides and peptides may fiirther be recovered fi-om aggregates caused by fi-eezing of 
culture medium. Proteins, polypeptides or peptides, the prevention of whose production is 
usefiil according to the present invention, can also be obtained by applying the cells, cell 
extracts or culture media of a strain to aqueous two-phase system (ATPS) and recovering the 
proteins separated into the phase containing the hydrophobic phase material as shown for 

20 hydrophobins (Hyytia et al. 1999). 

According to this invention a microorganism strain is genetically modified not to produce an 
essential amount of at least one of the proteins or polypeptides or peptides associated with 
foam formation during the cultivation of the non-modified microorganism host. An essential 
25 amount means here that the host strain produces at least 50 % less amphipathic proteins, 
polypeptides or peptides, preferably 60- 80 %, most preferably 80 -100% less amphipathic 
proteins, polypeptides or peptides compared to the non-modified parent host strain. 

Decreasing the level of foam formation during cultivation means here that the foam formation 
30 is lowered at least 30%, preferably 40- 80 %, most preferably 80-100% compared to the foam 
formation during cultivation of the non-modified parent host strain. 
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The decreased foam formation results in savings of antifoam agents and increase in 
fermentation working volume. The saving of antifoam agent is at least 30%, preferably 40- 
80%, most preferably 80-100%rThe increase in fermentation working volimie is at least 5%, 
preferably 10-20%. 

5 

An increased capability to produce a product of interest means here that a production host 
modified not to produce an essential amount of at least one of amphipathic or hydrophobic 
proteins, polypeptides or peptides, is capable of producing at least 1.2 times, preferably at 
least 2, more preferably at least 3, still more preferably at least 5, most preferably 10 times 
10 higher amount of a product than a host not modified according to this invention. The product 
may be recovered from the cultivation, from the cells or from the culture medium, preferably 
it is recovered from the culture medium. 

A deletion vector denotes here a vector comprising a DNA sequence encoding a marker gene 
15 and so called flanking regions, which make it possible to delete the desired gene from the 
production host genome and replace it by the marker gene. The marker gene may be amd S 
from Aspergillus nidulans, hph from E.coli, or any other dominant or auxotrophic selection 
marker known in the literature. The vector may be a cloning vector from the pUC series or 
any other generally available cloning vector. The deletion cassette (comprising the DNA 
20 sequence encoding the chosen marker gene and flanking regions) is removable from the 
vector genome by restriction enzymes. 

The present invention was exemplified by inactivating one or more DNA sequences encoding 
hydrophobins in fungal host strains. The inactivation of already one of the DNA sequences 
25 encoding hydrophobins significantly affected foam formation. 

In particular, the present invention was exemplified by the deletion of hjbl and/or hjb2 genes 
from the Trichoderma reesei genome. The cloning and isolation of these genes and 
purification of the corresponding proteins HFBI and HFBII has been described in the PhD 
30 Thesis of Nakari-Setaia (Nakari-Setala, T., VTT Publications 254, Espoo 1995) (Nakari- 
Setala et al. 1996; Nakari-Setala et al. 1997) In the Thesis HFBI and HFBn of T. reesei were 
speculated to play a role in attachment to substrates or to contribute to spore hydrophobicity, 
but the biological roles of these proteins was largely unknown before this invention. Hence 
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their significant role in foam formation during fermentation as shown in the present invention 
was a surprising feature. In the present invention it was shown that the deletion of already one 
" of the" genes encoding hydrofobins in the genome of Trichoderma reesei resulted in 
remarkable decrease of foam formation during fermentation of a modified Trichoderma host. 

5 

In order to delete hfbl and hfb2 genes firom Trichoderma reesei genome, vectors comprising a 
deletion of these genes were constmcted. In the vector hjbl gene was replaced by amdS gene 
and in the vector hfb2 gene was replaced by hph gene of E. coli coding for hygromycin B. 
The cloning vector was one of the vectors of the pUC series, pUC 18. 

10 

Different T, reesei strains (QM 9414 and Rut-C-30) were transformed with the deletion 
vectors by transformation methods known in the art as described in Example 2 and the 
removal of the hfb genes in the transformants obtained was confirmed. The transformants 
having deletion of hfbl^ hfb2^ or both were cultivated in shake flasks on different growth 
15 media with glucose, sorbitol and lactose as carbon sources. The results showed that the 
deletion of hjbl, hfb2 or both genes had no negative effect on the production of enzymes by 
r. reesei. In some cases the enzyme production was even better than with the parental T. 
reesei strain. 

20 As a result of the hfbl gene deletion, the cell walls, the Ahfbl hyphae grown on glucose in 
shake flasks cultivations look thinner than the control hyphae, and the strain also formed large 
pellets during cultivation. The growth of the transformant was somewhat impaired in the 
middle of the cultivation but the deletion strain reached the host strain at later stages of the 
cultivation. Deletion of the hfb2 gene did not have effect on the morphology of the 

25 transformant when grown on lactose in shaken liquid cultures and no difference in growth 
was detected inbetween the transformant and the host strain. 

J. reesei Rut C30 strain modified to have deletion of hfb2 in its genome was also grown on 
lactose and cellulose in a fermentor. The consimiption of the antifoam agent, pH, growth and 
30 protein and enzyme production was monitored. The results clearly showed that deletion of a 
single hydrophobin gene significantly decreased the foam formation. Especially in the 
cultivation of T. reesei Rut-C30 on cellulose, in which the cultivation medium contains 
insoluble cellulose polymers, large amount of rather stable foam was formed and therefore 
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antifoam consumption was high. The cultivation of the transformant on lactose did not utilise 
any antifoam agent and on cellulose the amount of antifoam needed during the cultivation was 
"oiily^l2%noflHS~of'tHe~coS^^ antifoam has 

several positive effects. The major advantage is a much easier downstream processing. 

5 

The deletion of the hjb2 gene had no significant effect on growth of ttie transformant strain in 
fermentor in the tested conditions. Nor had the deletion of the hfb2 gene any clear negative 
effect on extracellular protein and enzyme production by the transformant. 

10 In contrast in a transformant strain having at least one deletion the production of total 
secreted protein was enhanced. The production of protein per biomass as measured by protein 
and protease amount was significantly greater when compared to a non-deletion strain. 

The production of a protein product was here also exemplified by producing fiision molecules 
15 comprising a hydrophobin-like protein. A production host strain was modified not to produce 
proteins or polypeptides associated with foam formation and the same host was transformed 
to produce a fiision molecule comprising an amphipathic protein and a molecule of interest 
for fiirther purification in aqueous two-phase system (ATPS). The following examples are for 
illustration of the present invention and should not be construed as limiting the present 
20 invention in any manner. 

EXAMPLES 

Example 1 

25 

Construction of vectors for deletion of hfbl and/or hfb2 genes from the Trichoderma 
reesei genome 

For deletion of hfbl (SEQ ID 1, Figure 1) gene fi-om T. reesei genome, a plasmid was 
30 constructed in which the hfbl coding region was replaced by the amdS gene of Aspergillus 
nidulans coding for acetamidase. Plasmid pEAlO (Nakari-SetaiS et al. Eur. J. Biochem. 
(1996) 235:248-255) carrying ca. 5.8 kb Sail firagment containing the hfbl coding and 
flanking regions was digested with Mxml and blunted with T4 DNA polymerase. The 
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subsequent vector fragment missing the ca. 950 bp Muni fragment containing the coding and 
some flanking regions for hfbl was piuified from agarose gel and ligated to a 3.2 kb amdS 
fragnient released from p3SR2 (Hynes et alrMolrCeirBiol: (1983) 3:1430-1439; Tilbum et 
al. Gene (1983) 26:205-221) with SphI and Xbal and blunted with T4 DNA polymerase. The 
5 resulting plasmid is pTNS24 (Figure 3). It carries a deletion casette containing the amdS gene 
with ca. 2.7 kb and 2 kb of the hfbl 5* and 3' non-coding regions, respectively. The deletion 
casette may be released from the vector with Sail. 

For removal of the hfb2 (SEQ ID 2, Figure 2) gene from T, reesei genome, a plasmid was 
10 constructed in which the hfb2 coding region was replaced by the hph gene of ^. coli coding 
for hygromycin B phosphotransferase. A 1.2 kb 5' flanking region of the hfb2 gene was 
released from the plasmid pTNS8 (Nakari-Setala et al. Eur. J. Biochem. (1997) 248:415-423) 
with Hindlll and Bgll, blxmted with T4 DNA polymerase and purified from agarose gel. The 
purified fragment was ligated to pAR021 (Penttila et al. Patent appl. FI 990667) cut with 
15 Xhol and blunted with T4 DNA polymerase resulting in pTNS26. pAR021 is essentially the 
same as pRLMex30 (Mach et al. Curr. Genet. (1994) 6:567-570) and carries the E, coli hph 
gene operably linked to 730 bp of pkil promoter and 1 kb of cbh2 terminator sequences of T. 
reesei. To introduce the 3' flanking region of hfb2 into the deletion casette, pTNS26 was cut 
with EcoRV, treated with SAP (shrimp alkaline phosphatase, Boehringer-Mannheim) and 
20 ligated to a 1.7 kb EcoRV hfb2 3' flanking region fragment released from pTNS8. In the 
resulting plasmid pTNS27 (Figure 4) both the 5' and 3' non-coding regions of the hfb2 gene 
flank the hph expression casette in the same orientation. The deletion casette may be released 
from the vector with SphI and Spel. 

25 Example 2 

Transformation of Trichoderma and purification ofAhfb clones 

Trichoderma reesei strains QM9414 (VTT-D-74075), Rut-CSO (VTT-D-86271) and QM9414 
iShfbl (VTT-D-99724) were transformed essentially as described (Penttila et al.. Gene (1987) 
30 61:155-164) using 3-13 ^g of the plasmids pTNS24 and pTNS27 or the deletion casettes 
released from them with the proper restriction enzymes. 
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The Amd-f and Hyg-i- transformants obtained were streaked three times onto plates containing 
acetamide and hygromycin, respectively (Penttila et al. (1987) Gene 61:155-164). Thereafter 
spore suspensions were made from transformants grown on Potato Dextrose agar (Difco). 

5 To confirm the removal of the hfb genes from the genomes. Southern analyses were carried 
out. Mixed Amd+ and Hyg+ transformants were cultivated on minimal medium (Penttila et al. 
(1987) Gene 61:155-164) containing 3% glucose and 0.2% peptone for isolation of genomic 
DNA using Easy-DNA kit (Invitrogen). Approximately 2 jig of DNA were cleaved with Pvul 
in the case of dJtfbl transformants and with Ncol in the case of 6J%ft)2 transformants. Southem 
10 hybridizations with ca. 5.8 kb and 3.8 kb genomic fragments containing hfbl and hfb2 genes 
and flanking regions were carried out. In the host strain, the hybridization with the probes 
results in both cases in one large signal whereas in transformants two smaller signals are 
obtained if the hfb gene has been correctly deleted. 

15 The spore suspensions of the clones from which the hfb genes had been deleted on the basis 
of Southem analysis were purified to single spore cultures on selection plates (containing 
either acetamide or hygromycin). Southem analysis was repeated similarly as above to select 
pure 6Jtfb clones. 

20 r. reesei strains used for further studies are VTT-D-99724 and VTT-D-99723 (QM9414 
AA/Z>7), VTT-D-99726 (QM9414 A/(/&2), VTT.D-99725 (QM9414 tJijbl tJijbl) and VTT-D- 
99676 (Rut-C30 bkfbl). 

Example 3 

Enzyme production of Trichoderma QM9414 ef bhfbU tJtJbl and tJfifbltshfb2%Xx2Xi^% on 
glucose, sorbitol and lactose 

Strains VTT-D-99724 {tJijbl\ VTT-D-99726 itshjb2\ VTT-D-99725 {l^JbltJifb2) and their 
30 host strain VTT-D-74075 (QM9414) were cultivated in shake flasks at 28°C for three and 
seven days in 50 ml of Trichoderma minimal medium (Penttila et al. 1987) supplemented 
with 0.2% peptone and as a 2% carbon soiirce either i) glucose, ii) sorbitol or iii) lactose. 
Starting pH was pH 4.8. Culture medium samples were taken after 3 of cultivation. Secreted 
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total proteins were analysed by the method of Lowry et al. 1951. Endoglucanase and 
endoxylanase activities were measured according to lUPAC standard method and Bailey et al. 
(1992)lxsing hydroxyethyrcellurose (HECFluKa 54290rand birch xylan (XYL,Roth 7500) as 
substrates, repectively. Protease activity was determined semi-quantitatively by dotting 5 (j.1 
5 of culture filtrates on 1.5% agar plates (pH 5) containing 1% skim milk and estimating the 
size of the halos due to protease activity in the samples. 

The values obtained fi-om activity measurements and calculated as enzyme activity per total 
secreted protein are presented in the table below. These figures indicate that deletion of hfb 

10 genes has no negative, but in some cases even positive, effect on production of both 
glycanases and proteanases, two groups of enzymes whose expression is under different 
regulatory mechanisms. Culture broth pH values at the end of the cultivation indicate that on 
the same culture medium all strains are approximately in the same growth stage. No clear 
differences were seen visually in morphology or amount of cell mass inbetween the different 

1 5 strains on same medium. 



Strain 


Carbon source 


HEC 

nkat/mg total protein 


XYL 

nkat/mg total protein 


Protease 


Host QM9414 


Glucose 


nd 


nd 


+ 


dJifbl 




nd 


nd 


+++ 






nd 


nd 


+ 


bhfbHshfbl 




nd 


nd 


++ 


Host QM9414 


Sorbitol 




30 




tJifbl 






50 




tshfb2 






60 




dJifbldJifb2 






63 




Host QM9414 


Lactose 


78 


253 




bhjbl 




98 


202 




t>hjb2 




89 


363 




£JiJbl6Jifb2 




92 


190 





nd, not determined 
-, not detected 
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Example 4 

Growth and morphology"of~r.~ripesigi QM9414 MyJbJ strain on" glucose 

5 The strains VTT-D-99724 {tJifbl) and VTT-D-99723 (A/i/fci) originating from two 
independent transformants and their host strain VTT-D-74075 (QM9414) were also cuUivated 
in shake flasks at 28°C for five days in 250 ml of Trichoderma minimal medium (Penttila et 
al. 1987) buffered to pH 6 and supplemented with 3% glucose. The growth of the strains was 
followed by measuring the mycelial dry weights and qualitatively from the pH values of 
1 0 culture media at different time points. 

As a result of the hfbl gene deletion, the ability of T, reesei to grow on glucose was impaired 
in shaken liquid cultures as can be seen from the mycelial dry weight (Figure 10) and pH 
(Figure 11). The appearance of the hyphae in the glucose cultivation was monitored with a 
15 light microscope to study the morphology of the deletion strains. Probably due to the lack of 
HFBI protein in the cell walls, the dJtJbl hyphae looked thinner than the control hyphae, and 
the strain also formed large pellets during cultivation. However, it should be noted that during 
the time course of the cultivation the deletion strain VTT-D-99723 reaches the host strain in 
terms of biomass production. 

20 

Example 5 

Cultivation of Trichoderma Rut C30 tJifbl strain on lactose in shake flasks 

Strain VTT-D-99676 ijihjbl) and its host strain VTT-D-86271 (Rut-C30) were cultivated at 
25 28°C in shake flasks for three days in 250 nil of Trichoderma minimal medixun (Penttila et al. 
1987) buffered to pH 6 and supplemented with 0.2% peptone and 2% lactose with lactose 
feeding. Samples were taken from the flasks on days 2 and 3 for analysis of growth and 
protein production. Growth was analysed quantitatively by measuring the mycelial dry weight 
and qualitatively from pH values of culture medium. No differences in growth were detected 
30 inbetween the transformant and the host strain on the basis of these measurements as seen in 
figure 12. Also, the morphology of the transformant strain was similar to that of the host 
strain. 
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Production levels of secreted endoglucanases (HEC) and cellobiohydrolases (MUL) measured 
according to lUPAC standard method and Tilbeurgh et al. (1988), respectively, are presented 
^irrtKe "taMe~beldwrThese r^^ of the /i/Z?2 gene from the 

control strain had no negative effect on enzyme production. 

5 



Strain h dry weight HEC IVIUL 
g/l nl<at/ml ni<at/ml 



VTT-D-86271 


0 


0 


0 


0 




48 


3.6 


230 


3.2 




72 


5.4 


247 


9 


VTT.D-99676 


0 


0 


0 


0 




48 


4 


236 


2.7 




72 


5.6 


214 


7 



10 Example 6 

Cultivation of Trichoderma Rut C30 dJifbl strain on lactose in fermenter 

Modem cellulose production media may for some, but not all strains be based on lactose as 
the carbon soxurce and enzyme inducer. The control strain Rut-C30 produces cellulases 
15 efficiently on lactose, whereas e.g. the strain QM9414 does not, 

Trichoderma reesei Rut-C30 and its transformant VTT D-99676 (D-676) were 

cultivated on lactose-based medivun in a 15 litre laboratory fermenter. The mediiun contained 
(m g 1"*) lactose (Riedel-de HaSn, Germany, product 33411) 40, peptone (Difco, USA, 0118- 
20 17) 4.0, yeast extract (Difco, 0127-17), 1.0, KH2PO4 4.0, (NH4)2S04 2.8, MgS04;c7H20 0.6, 
CaCl2x2H20 0.8 (sterilised separately) and 2.0 ml 1'^ of a trace solution (Mandels and Weber 
1969). No antifoam agent was added to the medium before the in-situ sterilisation (123°C/20 
min). Cultivation conditions were: temperature 29°C, agitation 600 rpm, aeration 10 1 min"\ 
pH 4.0...5.0. 

25 

In these cultivations on the completely soluble medium, it was possible to monitor growth by 
analysis of biomass dry weight and by consumption of lactose. A comparison of the growth 
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parameters in the two cultivations is presented in Figures [8] A and B. The results clearly 
showed that deletion of the hfb2 gene from the control strain had no significant effect on 
growtKrFoaming was nof a major proBlem oiTtHislnedium with~either strain. Consvunption of 
antifoam agent was 10 ml/15 litres with strain Rut-C30, whereas no antifoam agent at all was 
5 consumed in the cultivation of strain D-676. 

In this pair of cultivations, cellulase production by the tJtfb2 strain was somewhat lower than 
by the control strain Rut-C30 (Table below). However, experience with cellulase production 
on lactose-based media has shown that optimisation of process conditions must be performed 
10 for each producing strain separately. The effects of incipient catabolite repression due to 
cleavage of the lactose molecule to glucose and galactose must be avoided by suitable, strain- 
specific adjustment of pH and/or temperature. 

Table. Production of soluble protein, cellulases (HEC, FPU, lUPAC standard method) and 
15 overall consmnption of antifoam agent (Struktol J633) in cultivations of T. reesei Rut C30 
and its Ahfb2 transformant VTT D-99676 on lactose mediimi in a 15 litre laboratory 
fermenter. 
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Strain 


Dry weight 


Protein 


HEC 


FPU 


Antifoam consumption 








nlcat ml 


u ml'^ 


mir^ 


Rut-C30 


15.8 


5.9 


780 


3.5 


0.7 


VTT D-99676 


14.6 


5.0 


610 


2.1 


0.0 



Example 7 

Cultivation of Trichoderma Rut C30 tJtfbl strain on cellulose in fermenter 

25 

Trichoderma reesei Rut C30 and its Ahfb2 transformant VTT D-99676 (D-676) were 
cultivated on cellulose-spent grain mediimi in a 15 litre laboratory fermenter. The medixim 



contained (in g 1"^) Solka floe eellulose 40, distiller's spent grain 20, KH2PO4 5 and 
(NH4)2S04 5. A standard dose of 5 ml antifoam agent (Struktol J633, Schill&Seilacher, 
Hamburg, Germany) was adde^ to'the mediimi to during the in-situ 

sterilisation (123°C/20 min). Cultivation conditions were: temperature 29®C, agitation 600 
5 rpm, aeration 101 min"\ pH 4.0... 5.0. 

Growth in terms of biomass production or substrate consumption could not be measured on 
the solids-based medium, but production curves of cellulase (HEC; FPU) and soluble protein 
(Lowry et al. 1951) indicated rather similar rates and levels of production by the control and 

10 transformant strains (Figures [9] A and B). The curves of broth pH are also presented in the 
figure as an indication of the sequence of growth phases: first indeterminate or increasing 
trend during the lag phase and early growth, decreasing pH during the main growth phase and 
finally an increasing trend dxuing secondary metabolism/starvation. Production levels of the 
cellulase and xylanase activities measured in the cultivations are presented in Table below. 

15 These results clearly show that deletion of the hfb2 gene fi-om the control strain had no 
negative effect on enz3rme production. Due to the unhomogenous nature of all the enzyme 
substrates used in this comparison, typical variation in analysis results is in the region of 
+10% for HEC and XYL and at least 15-20% for FPU. 



20 Table. Production of soluble protein, cellulases (HEC, FPU, lUPAC standard metfiod) and 
xylanase (XYL, Bailey et al. 1992) and overall consumption of antifoam agent (Struktol J633) 
in cultivations of T. reesei Rut C30 and its transformant VTT D-99676 on cellulose- 

spent grain medium in a 15 litre laboratory fermenter. 

Strain Protein HEC FPU XYL Antifoam consumption 

g nkat ml u ml'^ nkat ml'^ ml 1'^ 

RutC30 13.9 1600 10.9 1870 3.3 

VTT D-99676 16.4 1715 8.9 2240 0.4 
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The major, striking difference between the two cultivations was in the consumption of 
antifoam agent: in the control cultivation with strain Rut C30 consumption of Struktol was 50 
ml/15 litres, whereas in the case of strain D-676 only 6.0 ml was consumed. Apparently the 
latter cultivation foamed only on one occasion, towards the very end of the run. This foaming 
5 was presvmiably the result of the secretion of enzyme proteins into the mediimi, which was 
obviously independent of the presence or absence HFBII. The almost tenfold difference in the 
requirement for antifoam agent would certainly have a significant effect on industrial scale 
downstream processing (enzyme concentration by membrane filtration and possible 
chromatographic purification). 

10 

Example 8 

Cultivation of Niifblishfb2 Trichoderma QM9414 strain on glucose in fermenter 

15 Trichoderma reesei strain QM9414 (VTT-D-74075) and its tshfbltshfbl transformant VTT D- 
99725 were cultivated on glucose-based medium in a 15 litre laboratory fermenter. The 
medium contained (in g 1"^) glucose, 40, peptone (Difco, USA, 0118-17) 4.0, yeast extract 
(Difco, 0127-17), 1.0, KH2PO4 4.0, (NH4)2S04 2.8, MgS04x7H20 0.6, CaCl2x2H20 0.8 
(sterilised separately) and 2.0 ml 1'^ of a trace solution (Mandels and Weber 1969). No 

20 antifoam agent was added to the medium before the in-situ sterilisation (123*'C/20 min). 
Cultivation conditions were: temperature 29°C, agitation 600 rpm, aeration 10 1 min"^, pH 
4.0... 5.0. Morphology, biomass dry weight, pH, oxygen and antifoam agent consimaption and 
production of extracellular protein (Lowry et al. 1951) and protease activity using the method 
based on hydrolysis of Azurine casein (Protazyme AK kit, Megazyme) was analysed during 

25 the cultivations. 

Growth in terms of biomass production and substrate consumption indicated rather similar 
growth of the control and transformant strain (Figures 13 A and B). No remarkable 
differences in morphology were detected between the strains. Production of total soluble 
30 protein and level of protease activity as an example of more specific secreted activity are 
presented in Table below. The major difference between the two strains was in the production 
of total secreted protein. In the cultivation with the unmodified strain QM9414 0.062 g/1 of 
protein was measured while the modified strain VTT-D-99725 produced 0.390 g/1 soluble 
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proteins. Thus production of protein per biomass as measured by protein and protease amount 
was significantly greater. 



Table. Production of biomass, soluble protein and proteases at the end of the cultivations of 
5 r. reesei QM9414 and its bhfbltJijhl transformant VTT D-99725 on glucose medium in a 15 
litre laboratory fermenter. 



Strain 


Biomass 


Protein 


Protease 








As90nm 


QM9414 


39.3 


0.062 


0.205 


VTT-D-99725 


38.0 


0.390 


0.268 



10 Example 9 

Productioii of EGIcore-HFBI fusion proteins in T. reesei tJtfbl strain for improved 
partitioning of the fusion protein in ATPS 

15 For construction of an EGIcore-HFBI fusion protein, the hfbl coding region firom Ser-23 to 
the STOP codon was amplified with PGR with the following primers, as a 5' primer ACT 
ACA CGG AG G AGC TC G ACG ACT TCG AGC AGC CCG AGC TGC ACG CAG 
AGC AAC GGG AAG GGG (SEQ ID No 3) and as a 3' primer TGG TAG GGA TCG TGA 
AGG AGG GAG GGG GGT. (SEQ ID No 4) The sequence in bold in the 5' primer encodes 

20 amino acids 410-425 in EGI and the underlined GAGGTG is a Sad site. The 260 bp PGR 
fragment was purified from agarose gel and ligated to pPGRII T/A vector (Invitrogen) 
resulting in pMQl 1 1. 

In the next step Trichoderma expression vectors for production of EGIcore-HFBI frision 
25 protein under the control of cbhl promoter and terminator sequences was constmcted. The 
expression vector used as a backbone in the constructs is pPLE3 (Nakari et al. (1994) WO 
94/04673) which contains a pUG18 backbone, and carries the cbhl promoter inserted at the 
EcoRI site. The cbhl promoter is operably linked to the full length egll cDNA coding 
sequence and to the cbhl transcriptional terminator. The plasmid pMQl 1 1 was digested with 
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Sad and BamHI and the 260 bp fragment containing the hfbl sequence was Ugated to pPLE3 
digested with Sad and BamHI. The resulting plasmid pMQllS (Figure 5) carry the coding 
sequences for EGR^ toTHFBI via"its~ own linker region tmder the control of cbhl 

promoter and terminator sequences. 

5 

Trichoderma reesei strain QM9414 A/i/&2 (VTT-D-99726) was transformed essentially as 
described (Penttila et al.. Gene (1987) 61:155-164) using 10 jig of the plasmid pMQ113 
together with 3 \ig of the selection plasmid pTOC202 containing the amdS gene (Hynes et al. 
MoL Cell Biol. (1983) 3:1430-1439; Tilbum et al. Gene (1983) 26:205-221) of Aspergillus 
10 nidulans encoding for acetamidase. 

The Amd+ transformants obtained were streaked two times onto plates containing acetamide 
(Penttila et al. (1987) Gene 61:155-164). Thereafter spore suspensions are made from 
transformants grown on Potato Dextrose agar (Difco). The production of the EGIcore-HFBI 

15 fusion protein is tested by slot blotting or Westem analysis with EGI and HFBI specific 
antibodies from shake flask or microtiter plate cultivations carried out in mimal medium 
supplemented with a mixture of Solka floe cellulose and/or spent grain and/or whey. The 
spore suspensions of the clones producing fusion protein are purified to single spore cultures 
on selection plates (containing acetamide). To determine the best producers, production of the 

20 fusion protein is analyzed again from these piuified clones as described above. 

For partitioning experiments of the EGIcore-HFBI fusion protein in ATPS using the 
polyoxyethylene detergent Cn-isEOs (Agrimul NRE 1205, Henkel) the best production strain 
obtained in this study and as control strains VTT-D-98691 (QM9414 strain producing 
25 EGIcore-HFBI), VTT-D-74075 (QM9414) and VTT-D-99726 (QM9414 iihfb2) are 
cultivated at 28°C in shake flasks for 5 to 6 days in 50 to 250 ml volume of Trichoderma 
minimal medium (Penttila et al. 1987) suplemented with 3% Solka floe cellulose and 1% 
spent grain. 

30 Partitioning experiments are carried out with supernatant (biomass separated by centrifugation 
or filtration) in 10 ml graduated tubes. First detergent is added into the tubes and the tubes are 
then filled to 10 ml with culture supernatant. The amount of detergent in the tube is calculated 
in weight percent of detergents. After thorough mixing in an overhead shaker the separation 
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takes place by either gravity settling in a water bath at constant temperature or by 
centrifiigation at constant temperature. The separation is usually performed at 30°C, the 
standard amount of detergent used is 2-5% (w/v). After separation the volume ratio of the 
lighter and heavier phase is noted and the concentration factor for the fusion protein is 
5 calculated from it. Samples are also taken from the lighter and heavier phase for analysis. 

Two-phase separations are analysed qualitatively by using SDS-PAGE gels followed by 
visualization of the fusion proteins with Coomassie brilliant blue R-250 (Sigma) or Westem 
blotting. Polyclonal anti-HFBI antibody are used in Westem analysis for detection of 
10 EGIcore-HFBI protein together with alkaline phosphatase conjugated anti-rabbit IgG (Bio- 
Rad). Alkaline phosphatase activity is detected colorimetrically with BCIP (5-bromo-4- 
chloro-3-indolyl-phosphate) used in conjunction with NBT (nitro blue tetrazolium) 
(Promega). 

15 EOT activity is detected using 4-methylumbelliferyl-B-D-cellobioside (MUC) (Sigma M 6018) 
as substrate (Van Tilbeurgh H. & Caeyssens M., 1985; Van Tilbeurgh et.al ,1982). EGI 
hydrolyses the 6-glycosidic bond and fluorogenic 4-methylumbelliferone is released, which 
can be measured using a fluorometer equipped with a 360 excitation filter and a 455 nm 
emission filter. CBHI also hydrolyses the substrate and it is inhibited by addition of cellobiose 

20 (C-7252, Sigma). EGI containing liquid is added in an appropriate dilution to a buffer 
containing 50 mM sodiimi acetate buffer (pH 5) , 0.6 mM MUC and 4.6 mM cellobiose. The 
mixture is heated to 50*^0. The reaction is stopped after ten minutes using 2% Na2C03, pH 10. 
Purified CBHI is detected using the same assay as for EGI without the addition of the 
inhibitor cellobiose. 

25 

The partition coefficient K is defined as the ratio of the measured concentrations or activities 
in the top and bottom phase respectively. 

The Yield Y is defined as follows: 
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where Yt is the Yield of the top phase, Vb and Vt are the volumes of top and bottom phase 
respectively. The Yield of the bottom phase can be described accordingly. 

The mass balances, e.g. recovery of all added protein, are always checked for completeness to 
5 ensure no artificially high Yield (e.g. due to possible inactivation of the protein in the bottom 
phase). The values are usually calculated based on total enzyme activity (EGI wt plus the 
EGI-fiision) and thus the values are underestimated for the separation of the fusion. 

Example 10 

10 

Production of HFBI-single chain antibody fusion protein in T. reesei tJtfbl strain 
for purification in ATPS 

A r. reesei strain is constructed which produces a fusion protein consisting of T. 
15 reesei HFBI protein in the N-terminus and in the C-terminus a single chain antibody 
(ENA5SCFV) recognizing a small molecular weight derivative of diarylalkyltriazole. 
The fusion is to be subjected for purification using aqueous two-phase system. 

For cloning of the enantiospesific Fab-fi"agments against the diarylalkyltriazole 
20 antigen, total RNA was isolated using the extraction protocoU of Promega firom the 
hybridoma cell line obtained from the spleen cells of mice immunized with antigen. 
The mRNA fi-action was purified using the Oligotex-dT polyA-f purification kit of 
Qiagen and the cDNA sjmthesis was performed with AMV reverse transcriptase - 
system of Promega. The cDNA was then subjected to PGR amplification using primer 
25 mixtures specific for each antibody group, 9 for heavy chains and 4 for light chains 
(according to Kabat et al, 1991, Sequences of proteins of immunological interest, 
NIH publication No. 91-3242). The polymerization was carried out using the 
Dynazyme polymerase (Finnzymes) and standard conditions according to the 
manufacturer's instructions. After the amplification, both the heavy and the light 
30 chains were cloned as a dicistronic operon under the tac promoter controlled by the 
lacf^ repressor present in the expression vector pTI8 (Takkinen et al, 1991). For 
secretion, the PelB signal sequence of pectate lyase of Erwinia carotovora (Takkinen 
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et al, 1991) was linked for both the heavy and the light chains. A six histidine tag was 
added to the C-termini of the light chains. The resulting plasmid is pENA5-His. 

For construction of a ENA5SCFV single chain antibody, the variable domains of the 
5 heavy and light chains were amplified with PGR using pENA5-His as template. The 
amplified Augment was cloned into pKKtac vector (Takkinen et al. 1991) resulting in 
pENASSCFV. pENASSCFV vector carries the coding region for ENA5SCFV single 
chain antibody consisting of the variable domains of the heavy and light chains 
connected via a glycine serine linker (Huston et al 1988 and 1991) and a 6 x histidine 
10 tag at the C-terminal end. Transcription and secretion of the single chain antibody are 
under control of the tac promoter and pelB signal sequence, respectively (Takkinen et 
al. 1991). 

For construction of HFBI-ENA5SCFV fusion protein, pENASSCFV was digested 
15 with Ncol and Xbal. The fragment containing the enaSscJv gene and the histidine tail 
(6 X His) was blut-end cloned to pTNS29 resulting in pTHl (Figure 6). pTNS29 
vector carries the hfbl coding region of T. reesei followed by a linker sequence 
(ProGlyAlaSerThr SerThrGlyMetGlyProGlyGly) (SEQ ID No 5)under the control of 
cbhl promoter and terminator sequences. 

20 

For construction of HFBI-ENA5SCFV fusion protein with a thrombin cleavage site in 
the linker peptide, enaSscJv coding region (from Ala-23 to the STOP codon) and a 
peptide linker containing the thrombin cleavage site (Gly Thr Leu Val Pro Arg Gly 
Pro Ala Glu Val Asn Leu Val) (SEQ ID No 6) preceeding it was amplified with PGR 

25 using pENASSCFV as a template and as a 5' primer GAA TTC GGTACC CTC GTC 
CCT CGC GGT CCC GCC GAA GTG AAC CTG GTG (SEQ ID No 7) and as a 3' 
primer TGA ATT C CATATGC T AAC CCC GTT TCA TCT CCA G (SEQ ID No 
8). The sequence in bold in the 5' primer encodes the first 6 N-terminal residues of 
ENA5SCFV. The sequence in italics is a thrombin cleavage site and underlined GGT 

30 ACC is Asp718 site. The sequence in bold in the 3' primer encodes the 6 C-terminal 
residues of ENA5SCFV and the underlined CA TATG is a Ndel site. The 790 bp PGR 
tragment was purified fix>m agarose gel and ligated to pTNS29 resulting in pTH2 
(Figure 7). 
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Trichoderma reesei strain VTT-D-99726 (QM9414 A/i/&2) is co-transfonned 
essentially as described (Penttila et aL, Gene (1987) 61:155-164) using 10 of the 
plasmids pTHl and PTH2 and as selection plasmid 2 jig pTOC202. Amd+ 
5 transformants obtained are streaked two times onto plates containing acetamide. 
Thereafter spore suspensions are made from transformants grown on Potato Dextrose 
agar (Difco). 

The production of the two HFBI-ENA5SCFV fusion proteins is tested by Western 
10 analysis with HFBI specific antibody and with the antibody against the his-tail from 
shake flask cultivations carried out in mimal medium supplemented with 3 % lactose 
or Solka flock cellulose and spent grain. 

Partitioning experiments of the HFBI-ENA5 ftision proteins in ATPS using the 
15 polyoxyethylene detergent C12-18EO5 (Agrimul NRE 1205, Henkel) with the supematants of 
the best production strains obtained in this study and the control strainVTT-D-99726 
(QM9414 tshfhl) are carried out and analysed as described in Example 9. 
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